Background: Percutaneous dilatational tracheostomy (PDT) performed by an intensivist in critically ill patients is currently popular. Many studies support the safety and feasibility of PDT. However, there is limited data on the safety and feasibility of PDT performed by intensive care trainees. Methods: To evaluate the safety and feasibility of PDT performed by intensive care trainees and to compare these with those performed by intensivists, we retrospectively analyzed the clinical characteristics and adverse events of all prospectively registered patients who underwent PDT by ICT or intensivists in intensive care units (ICUs) from August 2010 to August 2013. Results: In the study period, 203 patients underwent PDT in ICUs; 139 (68%) by trainees and 64 (32%) by intensivists. There were no statistically significant differences in clinical characteristics including demographics, laboratory findings, and parameters of mechanical ventilation between the two groups. Procedure times and outcomes of the patients were not different between the two groups. The majority of complications observed in 24 hours after PDT were bleeding; however, there was no significant difference between the two groups (trainee 10.8% vs. intensivist 9.4%, p = 0.758). There was no procedure-related death in the two groups. Conclusions: PDT performed by intensive care trainees was safe and feasible. However, further well-designed studies should be conducted to confirm our results.
INTRODUCTION
Tracheostomy is one of the most commonly performed surgical procedures in critically ill patients requiring long term mechanical ventilation or treatment of airway obstruction. [1] Traditionally, this procedure has been performed using surgical principles in operating room. After Sheldon et al. [2] described the Seldinger method of percutaneous tracheostomy placement in 1955, Toye and Weinstein [3] reported a modified percutaneous tracheostomy technique based on Seldinger's principle in 1969. However, the procedure was not used widely due to high risk of complications until Ciaglia et al. [4] introduced percutaneous dilatational tracheostomy (PDT) in 1985. This is also a modified Seldinger technique but offers a variety of advantages, including a small incision and minimized damage in the subcutaneous tissues and easy performance. [4] Since then, the use of PDT has greatly increased because physicians found it a feasible and safe procedure for critically ill patients, replacing conventional surgical tracheostomy. [5] Recently the subspecialty training program has been established in the field of critical care medicine (CCM) in Korea.
However, most of the CCM trainees have non-surgical specialty.
Even surgeons-in-training may not have enough experience performing surgical tracheostomy during the training period. PDT is known to be easy to master and safe to perform for trainees 
MATERIALS AND METHODS
This is a retrospective observational study conducted with pa- 
1) PDT
The need for PDT was determined after discussion among an intensivist, a subspecialty trainee and an attending physician. In this study, PDTs were performed in the same manner as described in a study by Yoo et al. [9] without the supervision of surgical intensivist. PDT was performed using Ciaglia Blue Rhino 
2) Data collection
Over the study period, all consecutive patients who underwent PDT in ICU were prospectively registered. (Table 1) . 
3) Statistical analysis
The data are presented as medians and interquartile ranges (IQR) for continuous variables and as numbers and percentages for categorical variables. Data were compared using the MannWhitney U-test for continuous variables and the Chi-square or
Fisher's exact test for categorical variables. All tests were two-sided, and a p value of < 0.05 was considered significant.
The data were analyzed using PASW Statistics 18 (SPSS Inc, Chicago, Illinois).
RESULTS
A total of 233 patients underwent PDT in the ICU during the study period, and data of 203 patients were analyzed after ex- (Table 2) . (Table 3) . Only one of total 203 patients was subject to the switch to surgical tracheostomy due to major bleeding, which occurred during PDT in the intensivist group (Table 4) .
Before hospital discharge, decannulation was performed in 10 patients (7%) in the trainee group and 5 (8%) in the intensivist group, respectively ( Table 5 
DISCUSSION
The purpose of this study was to evaluate safety and feasi- It is well documented that PDT is safer and more feasible than conventional surgical tracheostomy. [5, 8, 9, 13, 14] PDT is undertaken through approximately 1 cm incision based on Seldinger technique using bronchoscopy. Two operators are required for the procedure, and one of them identifies a puncture site through the monitor. Because PDT is feasible to perform without the help of surgeons, intensivists perform the procedure at bedside of ICU. [9, 15] Although the definition of procedure time required for PDT varies among studies, procedure time for PDT in other studies is shorter, compared with surgical tracheostomy. [9, 15] The median procedure time in this study was similar to that of the previous studies. [7] Procedure time between the trainee and intensivist groups was also similar in this study, consistent with a previous report by Johnson et al. [16] that demonstrated no significant difference in procedure time between intensivist and trainee groups.
PDT-related complications rate was similar to the finding of the previous studies (10%-28%). [9, 13, 17, 18] The rate of complications and complication types between the two groups showed no significant differences in this study. Previous studies also found no significant differences in the procedure related complications in trainee-led PDT group (Table 6) . [10, 14, 15, [19] [20] [21] [22] [23] Bleeding occurred in 5% to 24% of patients who underwent
PDT. [7, 9, 16, 24] This study also found a similar incidence rate of bleeding between the trainee and intensivist groups. In addition, all PDT procedures performed during the study period did not require the supervision of surgeons, although Suresh [25] suggested the need for surgical expertise to perform PDT. Minor bleeding was controlled without a surgical treatment, and major bleeding was controlled by intensivists or trainees with surgical background. Unlike Suresh, [25] we suggest that surgeons or the supervision of surgeons is not definitely required for PDT but underline the readiness to perform emergency surgical hemostasis, when necessary. Some complications including failed tracheal puncture, esophageal rupture, pneumothorax and paratracheal insertion of tracheostomy tube, were previously reported [5, 13] but have not been identified in this study. These complications tend to occur when PDT is undertaken without bronchoscopic assistance. [26] Because PDT was completed with bronchoscopy, such complications could be prevented in this study.
This study had several limitations, including a retrospective study design and small sample size. First, this study was conducted at a tertiary hospital with multidisciplinary care. Therefore the results of this study cannot be generalized to other hospitals that have a subspecialty training program but not provide multidisciplinary care. Second, the likelihood of bias cannot be fully ruled out because there could be undocumented inclusion criteria for subspecialty trainees participated in PDT procedure although we described their work schedule as a key factor deciding who would perform PDT. Also, effects of PDTs performed by intensivists on the results of this study appear to be trivial
given that most of their procedures were undertaken for educational purpose. Lastly, while early complications associated with PDT were identified, other complications such as infection of surgical site could not be evaluated through the medical records. It was also impossible to identify post-extubation complications such as tracheal stenosis with a small number of patients who underwent decannulation.
In conclusion, no differences were found between trainee-led PDT and intensivist-led PDT with respect to clinical outcomes and complications. We suggest that PDT is a safe and feasible procedure to be performed by subspecialty trainees in CCM at institutions providing multidisciplinary medical practices that they are well prepared for an emergency.
